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(54) INTERNAL COMBUSTION ENGINE USING HYDROGEN 
THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a technology for 
reducing NOx in emission gas while securing sufficient 
efficiency of an internal combustion engine and 
preventing inconvenience of increase of hydrogen 
consumption. 

SOLUTION: Gasoline injection quantity and hydrogen 
injection quantity required for generating request torque 
are established in controlling a driving condition of an 
engine (step S120). Each of the injection quantity is 
established to be a predetermined ratio as a ratio of a 
condition that quantity of NOx in emission gas is 
sufficiently low. Under a low load condition, injection 
control of gasoline and hydrogen is carried out to 
actually inject the quantity established above (step 
S140). Under a high load condition, injection controls are 
carried out with controlling hydrogen injection quantity 
at a predetermined upper limit value and EGR is carried 
out (step S150). At this time, if quantity of NOx exceeds 
a predetermined value, quantity of EGR gas is increased 
until NOx is sufficiently reduced (step S160-S180). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

He is a using hydrogen gas as fuel of combustion hydrogen [ fuel / hydrocarbon ] use internal 
combustion engine, 
Combustion chamber, 

The hydrocarbon fuel feed zone which supplies a hydrocarbon fuel to said combustion chamber, 
The hydrogen feed zone which supplies hydrogen gas to said combustion chamber, 
The supply fuel quantity control section which determines the hydrocarbon fuel amount of supply 
supplied from said hydrocarbon fuel feed zone, and the hydrogen gas supply volume supplied from said 
hydrogen feed zone according to a load demand, 

The exhaust gas feed zone which supplies a part of internal combustion engine exhaust gas to said 

combustion chamber 

Preparation, 

Said supply fuel quantity control section, 

When it is assumed that said hydrocarbon fuel amount of supply and said hydrogen gas supply volume 
are set up according to said load demand so that the rate of said hydrogen gas supply volume to said 
hydrocarbon fuel amount of supply may serve as a predetermined value When hydrogen gas supply 
volume becomes below a predetermined upper limit, it considers as the amount which should actually 
supply said hydrogen gas supply volume and hydrocarbon fuel amount of supply which were set up, and 
when said hydrogen gas supply volume exceeds said predetermined upper limit, it considers as the 
hydrogen capacity which should actually supply said predetermined upper limit, 
Said exhaust gas feed zone supplies said exhaust gas, when said assumption is carried out and said 
hydrogen gas supply volume exceeds said predetermined upper limit. 
Hydrogen use internal combustion engine. 
[Claim 2] 

He is a hydrogen use internal combustion engine according to claim 1, 

It has further the NOx sensor which detects the amount of nitrogen oxides in the exhaust gas discharged 
from said combustion chamber, 

Said exhaust gas feed zone makes said amount of exhaust gas supplied to said combustion chamber 
increase more, when the amount of nitrogen oxides which said NOx sensor detected exceeds the 
specified quantity. 

Hydrogen use internal combustion engine. 
[Claim 3] 

He is a hydrogen use internal combustion engine according to claim 1 or 2, 

It has further the torque fluctuation detecting element which detects fluctuation of the torque which said 
internal combustion engine outputs, 

Said supply fuel quantity control section makes the actually supplied hydrogen capacity increase further, 
when the magnitude of the torque fluctuation which said torque fluctuation detecting element detected 
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exceeds a predetermined value. 
Hydrogen use internal combustion engine. 
[Claim 4] 

There is no claim 1 and he is the hydrogen use internal combustion engine of a publication 3 either, 
Said hydrogen feed zone supplies the hydrogen gas which does not contain other components 
substantially. 

Hydrogen use internal combustion engine. 
[Claim 5] 

There is no claim 1 and he is the hydrogen use internal combustion engine of a publication 4 either, 
Said hydrocarbon is a gasoline, 

Said hydrogen gas supply volume to said hydrocarbon fuel amount of supply comes out comparatively, 
and said a certain predetermined value is a value which corresponds to 20% or more by the heating- 
value ratio. 

Hydrogen use internal combustion engine. 
[Claim 6] 

There is no claim 1 and he is the hydrogen use internal combustion engine of a publication 5 either, 

It has further the inhalation air content control section which controls the amount of inhalation of the air 

used for combustion so that the air of the amount beforehand defined as conditions whose amounts of 

nitrogen oxides in said exhaust gas fully decrease may be incorporated according to the amount of 

supply and hydrogen gas supply volume of said hydrocarbon fuel. 

Hydrogen use internal combustion engine. 

[Claim 7] 

It is a using hydrogen gas as fuel of combustion hydrogen [ fuel / hydrocarbon ] use internal combustion 
engine's operating method, 

(a) The process which determines the hydrocarbon fuel amount of supply supplied to said internal 
combustion engine's combustion chamber, and hydrogen gas supply volume according to a load 
demand, 

(b) The process which supplies a hydrocarbon fuel to said combustion chamber according to the 
decision of the aforementioned (a) process, 

(c) The process which supplies hydrogen gas to said combustion chamber according to the decision of 
the aforementioned (a) process, 

(d) The process which supplies a part of exhaust gas discharged by this internal combustion engine 
under predetermined conditions to said combustion chamber 

Preparation, 

The aforementioned (a) process, 

When it is assumed that said hydrocarbon fuel amount of supply and said hydrogen gas supply volume 
are set up according to said load demand so that the rate of said hydrogen gas supply volume to said 
hydrocarbon fuel amount of supply may serve as a predetermined value When hydrogen gas supply 
volume becomes below a predetermined upper limit When it determines as an amount which should 
actually supply said hydrogen gas supply volume and hydrocarbon fuel amount of supply which were 
set up and said hydrogen gas supply volume exceeds said predetermined upper limit, the process 
determined as hydrogen capacity which should actually supply said predetermined upper limit is 
included, 

The aforementioned (d) process includes the process which supplies said exhaust gas, when said 
assumption is carried out and said hydrogen gas supply volume exceeds said predetermined upper limit. 
A hydrogen use internal combustion engine's operating method. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the hydrogen use internal combustion engine which uses hydrogen gas with a 

hydrocarbon fuel as a fuel of combustion, and its operating method. 

[0002] 

[Description of the Prior Art] 

Since the thin limitation in a combustion reaction can be made to expand by supplying hydrogen gas 
further in addition to a gasoline, it is known for the internal combustion engine using a gasoline as a fuel 
that the further reduction of the nitrogen oxides (NOx) in exhaust gas will be attained. Thus, if hydrogen 
is added and lean combustion is performed, when combustion temperature falls, the energy loss by the 
thermal emission in an internal combustion engine will decrease, and the effectiveness that an internal 
combustion engine's effectiveness improves will also be acquired. Moreover, when performing lean 
combustion, in order to open a throttle valve more greatly, the energy loss at the time of an internal 
combustion engine performing inhalation of air (pumping loss) can be reduced, and the effectiveness of 
the improvement in effectiveness of an internal combustion engine is acquired by this. Thus, when 
supplying hydrogen further as a fuel in addition to a gasoline and aiming at reduction of NOx, it is 
known that extent of NOx reduction will fully be securable by enlarging the rate of the hydrogen amount 
of supply above to some extent. 
[0003] 

The method of carrying out recycling (exhaust gas recirculation, EGR) of the exhaust gas discharged 
from a combustion chamber to an inspired air flow path as other approaches for reducing NOx in the 
exhaust gas discharged by the internal combustion engine is also learned. Since combustion temperature 
falls by carrying out recycling of the exhaust gas to an inspired air flow path, the amount of NOx in 
exhaust gas is reduced. Moreover, in case such EGR is performed, it is indicated by carrying out to the 
actuation in which an air-fuel ratio supplies hydrogen to the bottom of a certain condition which takes a 
predetermined value in addition to a gasoline, and coincidence that the further reduction of the amount 
of exhaust gas NOx may be attained (for example, patent reference 1 reference). 
[0004] 

[Patent reference 1] 

JP,10-306750,A 

[Patent reference 2] 

JP,59-43939,A 

[Patent reference 3] 

JP,53-70219,A 

[0005] 

[Problem(s) to be Solved by the Invention] 

However, if hydrogen tends to be supplied at a sufficient rate to the amount of supply gasolines and it is 
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going to reduce the amount of NOx in exhaust gas when aiming at NOx reduction by supplying 
hydrogen, it will be necessary for the time when a load demand is larger to increase the hydrogen 
amount of supply. Therefore, when a limitation is in the amount of hydrogen (it can carry) which a load 
effect can be large and can prepare, in order to secure flight range like [ in the case of using a gasoline 
engine as a source of power for a car drive ], stopping the consumption of hydrogen as much as possible 
is called for. Moreover, when NOx reduction was aimed at by EGR, by supplying exhaust gas to an 
inspired air flow path, combustion became unstable, operability got worse, or the output declined, and 
there was a possibility of causing decline in effectiveness. 
[0006] 

It aims at offering the technique for preventing un-arranging [ which it is called increase of hydrogen 
consumption ] while it reduces NOx in exhaust gas, fully securing [ this invention is made in order to 
solve the conventional technical problem mentioned above, and ] the effectiveness in an internal 
combustion engine. 
[0007] 

[The means for solving a technical problem, and its operation and effectiveness] 

In order to attain the above-mentioned purpose, this invention is a hydrogen use internal combustion 

engine which uses hydrogen gas with a hydrocarbon fuel as a fuel of combustion, 

Combustion chamber, 

The hydrocarbon fuel feed zone which supplies a hydrocarbon fuel to said combustion chamber, 
The hydrogen feed zone which supplies hydrogen gas to said combustion chamber, 
The supply fuel quantity control section which determines the hydrocarbon fuel amount of supply 
supplied from said hydrocarbon fuel feed zone, and the hydrogen gas supply volume supplied from said 
hydrogen feed zone according to a load demand, 

The exhaust gas feed zone which supplies a part of internal combustion engine exhaust gas to said 

combustion chamber 

Preparation, 

Said supply fuel quantity control section, 

When it is assumed that said hydrocarbon fuel amount of supply and said hydrogen gas supply volume 
are set up according to said load demand so that the rate of said hydrogen gas supply volume to said 
hydrocarbon fuel amount of supply may serve as a predetermined value When hydrogen gas supply 
volume becomes below a predetermined upper limit, it considers as the amount which should actually 
supply said hydrogen gas supply volume and hydrocarbon fuel amount of supply which were set up, and 
when said hydrogen gas supply volume exceeds said predetermined upper limit, it considers as the 
hydrogen capacity which should actually supply said predetermined upper limit, 
Said exhaust gas feed zone makes it a summary to supply said exhaust gas, when said assumption is 
carried out and said hydrogen gas supply volume exceeds said predetermined upper limit. 
[0008] 

In order to supply hydrogen gas to an internal combustion engine in addition to a hydrocarbon fuel so 
that the rate of hydrogen gas supply volume to the hydrocarbon fuel amount of supply may serve as a 
predetermined value when such a configuration, then a load demand are comparatively small, it becomes 
possible to perform lean combustion and to fully reduce the amount of NOx in exhaust gas. 
Furthermore, by performing lean combustion, the energy loss and pumping loss by thermal emission can 
be reduced, and an internal combustion engine's effectiveness can be raised. Moreover, since hydrogen 
gas supply volume is made into a predetermined upper limit when a load demand is comparatively large, 
the consumption of hydrogen gas can be stopped. And when a load demand is comparatively large in 
this way, reduction becomes possible enough about the amount of NOx in exhaust gas by performing 
EGR further. Thus, also when performing EGR, by supplying hydrogen gas further in addition to a 
hydrocarbon fuel, it becomes possible to bum by being stabilized in the Lean condition, and the 
effectiveness of raising the above-mentioned internal combustion engine's effectiveness can be acquired. 

[0009] 
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In the hydrogen use internal combustion engine of this invention, 

It has further the NOx sensor which detects the amount of nitrogen oxides in the exhaust gas discharged 
from said combustion chamber, 

Said exhaust gas feed zone is good also as making said amount of exhaust gas supplied to said 
combustion chamber increase more, when the amount of nitrogen oxides which said NOx sensor 
detected exceeds the specified quantity. 
[0010] 

When such a configuration, then a load demand are comparatively large, reduction becomes possible 
enough about the amount of NOx in exhaust gas by making [ many / enough ] the amount of exhaust gas 
supplied to a combustion chamber. Even if it increases the amount of exhaust gas which performs EGR 
until the amount of NOx in exhaust gas is fully reduced in order to supply hydrogen gas further to a 
combustion chamber at this time in addition to a hydrocarbon fuel, it becomes possible to maintain a 
good combustion condition. 
[0011] 

Moreover, it sets to the hydrogen use internal combustion engine of this invention, 

It has further the torque fluctuation detecting element which detects fluctuation of the torque which said 

internal combustion engine outputs, 

Said supply fuel quantity control section is good also as making the actually supplied hydrogen capacity 
increase further, when the magnitude of the torque fluctuation which said torque fluctuation detecting 
element detected exceeds a predetermined value. 
[0012] 

When originate inconvenient, and it runs short or an certain amount of exhaust gas supplied to a 
combustion chamber becomes [ the amount of the hydrocarbon fuel supplied to such a configuration, 
then a combustion chamber, or hydrogen gas ] superfluous, even if a combustion condition may get 
worse, such a combustion condition is improvable immediately. 
[0013] 

In the hydrogen use internal combustion engine of this invention, 

Said hydrogen feed zone is good also as supplying the hydrogen gas which does not contain other 

components substantially. 

[0014] 

Since there is no possibility that such a configuration, then other components may worsen a combustion 
condition, even if it is in a Lean condition (an air- fuel ratio is high), it becomes possible to make it bum 
convenient and it becomes possible to fully acquire the effectiveness of reducing NOx in exhaust gas by 
raising an air-fuel ratio in this way. Here, for example, hydrogen concentration can use the hydrogen gas 
which does not contain other components substantially as the hydrogen gas which is 90% or more 
[0015] 

In the hydrogen use internal combustion engine of this invention, 
Said hydrocarbon is a gasoline, 

Said hydrogen gas supply volume to said hydrocarbon fuel amount of supply comes out comparatively, 
and said a certain predetermined value is good also as being the value which corresponds to 20% or 
more by the heating- value ratio. 
[0016] 

When the rate of such a configuration, then the hydrogen capacity to the actually supplied hydrocarbon 
fuel quantity supplied in fact becomes 20% or more by the heating-value ratio, it becomes possible to 
make the amount of NOx in exhaust gas into zero substantially. 
[0017] 

In the hydrogen use internal combustion engine of this invention, 

It is good also as having further the inhalation air content control section which controls the amount of 
inhalation of the air used for combustion so that the air of the amount beforehand defined as conditions 
whose amounts of nitrogen oxides in said exhaust gas fully decrease may be incorporated according to 
the amount of supply and hydrogen gas supply volume of said hydrocarbon fuel. 
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[0018] 

Thus, by controlling an inhalation air content, the effectiveness which reduces the amount of NOx in 
exhaust gas can fully be heightened. What is necessary is just to set up an inhalation air content so that 
an air-fuel ratio may become high more in the range in which the combustion reaction in a combustion 
chamber advances convenient in order to lessen the amount of NOx in exhaust gas more. Thus, in case 
an inhalation air content is controlled, it is desirable to control so that the amount of NOx for example, 
in exhaust gas becomes in kWh and lg /or less. 
[0019] 

It can realize with various gestalten other than the above, for example, this invention can be realized 

with gestalten, such as an internal combustion engine's operating method. 

[0020] 

[Embodiment of the Invention] 

Next, the gestalt of operation of this invention is explained in order of the following based on an 
example. 

A. The whole equipment configuration : 

B. Actuation of operation : 

C. Effectiveness : 

D. Modification : 
[0021] 

A. Configuration of equipment : 

Drawing 1 is the explanatory view showing the outline configuration of the engine 10 equipped with the 
control device which is one example of this invention. The engine makes it the principle of operation to 
bum a fuel in a combustion chamber, to change into mechanical work the heat of combustion then 
generated, and to output as power as everyone knows. The engine 10 shown in drawing 1 is carried in 
the car as a source for a drive of a car of power, and forms a combustion chamber at the cylinder block 
1 1 with which the cylinder-like cylinder was prepared, the cylinder head 20 attached to the upper part of 
a cylinder block 11, and the piston 12 attached possible [ sliding ] inside the cylinder. 
[0022] 

The combustion pressure sensor 42 for detecting the combustion pressure of a combustion chamber is 
formed in the cylinder block 11. Moreover, the inlet valve 22 for inhaling air to a combustion chamber, 
the exhaust valve 21 for discharging exhaust gas from a combustion chamber, the ignition plug 23, and 
the injector 35 for injecting a fuel are formed in the cylinder head 20. An injector 35 is a solenoid valve 
in which a closing motion drive is carried out by energization control and which injects a fuel. The 
pressure sensor 57 is put side by side in this injector 35, and the fuel pressurized by the predetermined 
pressure with the gasoline high pressure pumping 58 is supplied. It evaporates in a combustion chamber, 
it mixes with the air introduced through an inlet valve 22, and the fuel injected from the injector 35 
forms gaseous mixture. Moreover, the inlet manifold 30 for leading air to a combustion chamber and the 
exhaust manifold 16 for drawing the exhaust gas discharged from the combustion chamber are attached 
in the cylinder head 20. 
[0023] 

The inlet manifold 30 is connected to the air cleaner 34 through the surge tank 3 1 and the inhalation-of- 
air path 32. A foreign matter is removed by the element prepared in the air cleaner in case the open air 
passes an air cleaner 34. The air flow meter 33 for detecting an inhalation air content is formed in the 
inhalation-of-air path 32 of the downstream of an air cleaner 34. Moreover, at the inhalation-of-air path 
32, EGR valve 38 for introducing the exhaust gas discharged from the combustion chamber is formed 
between the air flow meter 33 and the surge tank 3 1 . Although it is carrying out recycling of the exhaust 
gas discharged from a combustion chamber to an inspired air flow path in EGR as mentioned already, 
actuation of EGR performed by this example is explained in detail later. Furthermore, at the inhalation- 
of-air path 32, the hydrogen injector 39 for injecting hydrogen gas is attached between EGR valve 38 
and the surge tank 31. The hydrogen injector 39 is connected with the hydrogen tank 50 which stores 
hydrogen through the hydrogen passage 54. While a hydrogen pump 52 is formed in the hydrogen 
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passage 54, the pressure sensor is formed in the connection of a hydrogen tank 50 and the hydrogen 
passage 54, and the hydrogen pressurized by place constant pressure with the hydrogen pump 52 is 
supplied to the hydrogen injector 39. The hydrogen injector 39 is a solenoid valve in which a closing 
motion drive is carried out by energization control and which injects hydrogen. It mixes with the air in 
the inhalation-of-air path 32, and the hydrogen injected from the hydrogen injector 39 is supplied to a 
combustion chamber. 
[0024] 

In the inlet manifold 30 of the downstream of a surge tank 3 1 , the throttle valve 36 for adjusting the air 
content which flows into a combustion chamber is formed. The closing motion drive of this throttle 
valve 36 is carried out by the throttle motor 37, and a desired inhalation air content is realized in an 
engine 10. 
[0025] 

An exhaust manifold 16 is connected to the catalytic converter 54 while it is equipped with the NOx 
sensor 59. The nitrogen oxides (NOx) generated when the nitrogen in air reacts are contained in the 
exhaust gas discharged from an engine 10, and the NOx sensor 59 detects the amount of NOx in exhaust 
gas. The catalytic converter 54 is equipped with the catalyst for purifying the exhaust gas discharged 
from an engine 10. That is, while oxidizing the hydrocarbon (HC) and carbon monoxide (CO) which are 
an incomplete combustion component in exhaust gas, it has the three way component catalyst which 
returns Above NOx. The exhaust gas purified by work of this catalyst with the catalytic converter 54 is 
discharged in atmospheric air. 
[0026] 

Furthermore, the EGR passage 44 which is the passage which branches from here is established in the 
exhaust manifold 16. It is selectable in the operational status to which a part of exhaust gas which is 
discharged from a combustion chamber to a combustion chamber with the engine 10 of this example in 
addition to the inhalation air adopted from the outside is made to return (EGR). A part of exhaust gas is 
supplied in the inhalation-of-air path 32 from EGR valve 38 mentioned already through the above- 
mentioned EGR passage 44, and it is mixed by inhalation air. By performing valve-opening control of 
this EGR valve 38, the capacity (the amount of EGR gas) made to return to a combustion chamber is 
adjusted. 
[0027] 

The piston 12 is connected to the crankshaft 17 through the crank chain. If a crankshaft 17 rotates, 
rotation will be changed into a both- way rectilinear motion by work of a crank chain, and a piston 12 
will slide on the inside of a cylinder up and down by it. Moreover, the motion to which a piston 12 
moves up and down is changed into rotation of a crankshaft 17 according to a crank chain. An exhaust 
valve 21 is closed, and if a piston 12 descends where an inlet valve 22 is opened, the air and the fuel in 
an inlet manifold 30 will flow into a combustion chamber from an inlet valve 22. Subsequently, an inlet 
valve 22 is closed, a piston 12 is raised, and if a spark is flown from an ignition plug 23 after 
compressing the inhaled gaseous mixture, the gaseous mixture compressed by the piston 12 will bum 
explosively, and will depress a piston 12 caudad. This force is changed into rotation and outputted by 
the crank chain as power from a crankshaft 17. The sensor 41 is formed at the tip of a crankshaft 17 
whenever [ for detecting the rotation location of a crankshaft / crank angle ]. 
[0028] 

An electronic control unit (the following, ECU) 40 controls actuation of the whole engine 10 of fuel- 
injection control, ignition timing control or EGR control, etc., etc. This ECU40 is the logic operation 
circuit from which the bus connected mutually and which a central processing unit (the following, 
CPU), ROM and RAM, an I/O circuit, etc. consisted of by it. 
[0029] 

ECU40 detects various service conditions, such as accelerator opening which the operator operated, an 
engine rotational speed, and an inhalation air content, and such control by ECU40 is performed 
according to the various programs stored in ROM by driving the throttle motor 37, an ignition plug 23, 
an injector 35, the hydrogen injector 39, etc. Accelerator opening is detected by the accelerator opening 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 



3/28/2006 



JP,2004-116398,A [DETAILED DESCRIPTION] 



Page 6 of 12 



sensor 44 formed in the accelerator pedal. An engine speed is computed based on the detecting signal of 
a sensor 41 whenever [ crank angle / which was prepared in the crankshaft 17 mentioned already ]. 
Moreover, an inhalation air content is calculated based on the detecting signal of the air flow meter 33 
formed in the inhalation-of-air path 32. 
[0030] 

Fuel-injection control is control for maintaining at a suitable value the ratio (air- fuel ratio) of the air of 
gaseous mixture and the fuel which are formed in a combustion chamber by injecting a suitable quantity 
of a fuel according to the air content introduced into a combustion chamber. In addition, the amount of 
hydrogen injected from the hydrogen injector 39 as control of fuel oil consumption with the amount of 
gasolines injected from an injector 35 is controlled by this example. 
[0031] 

Ignition timing control is control for flying a spark to suitable timing to compensate for a rise of a piston 
12. EGR control is control for reducing NOx in exhaust gas by making the specified quantity of the 
exhaust gas discharged from a combustion chamber return to a combustion chamber. 
[0032] 

B. Actuation of operation : 

Drawing 2 is a flow chart showing the NOx reduction manipulation routine repeatedly performed during 
operation of the engine 10 of this example in ECU40 with a predetermined period. If this routine is 
performed, ECU40 will acquire the rotational speed and accelerator opening of an engine 10 first (step 
SI 00). an engine — ten ~ rotational speed — and - an accelerator — opening ~ acquiring - if — ECU - 
40 — this — being based — an engine — ten — it can set — a demand — torque — computing (step SI 10) ~ 
a gasoline injection — an amount — hydrogen — the injection quantity — inhalation — an air content — 
respectively - QG - ' (cc/st) - QH - 1 (cc/st) - P - ' - setting up (step SI 20) . 
[0033] 

Drawing 3 is drawing showing the result of having injected a gasoline and hydrogen by various 
quantitative ratios, and having investigated the amount of NOx in the exhaust gas at that time, in the 
same engine as an example. In drawing 3 , when an inhalation air content is changed in the monograph 
affair in which the quantitative ratio of a gasoline and water was changed, respectively and the NOx 
concentration in exhaust gas becomes the lowest, measured value when an inhalation air content (air- 
fuel ratio) becomes the optimal is made into the amount of NOx in exhaust gas in the condition. 
Therefore, in each measurement result shown in drawing 3 , the air-fuel ratio at the time of measurement 
is not necessarily the same. The optimum value of an inhalation air content is explained further. If 
hydrogen is further supplied to an engine in addition to a gasoline, with a higher air-fuel ratio, it will be 
convenient and advance of a combustion reaction will be attained. If it is the range where a combustion 
reaction advances convenient at this time, when combustion temperature falls, reduction of the direction 
to which the air content was made to increase as much as possible will be attained in the amount of NOx 
in exhaust gas. However, if an air content is made superfluous, un-arranging, such as a flame failure, 
will come to arise. Therefore, with the optimum value of an inhalation air content, it can regard as 
maximum of the inhalation air content in the range in which a combustion reaction advances convenient. 

[0034] 

As shown in drawing 3 , when adjusting an inhalation air content (air-fuel ratio) to an optimum value, 
the amount of NOx in exhaust gas can be substantially made into zero at the time of the value from 
which the rate of hydrogen to a gasoline corresponds to 30% or more (the percentage of the heating 
value of hydrogen to total heat is 22% or more) by the heating-value ratio. Therefore, in this example, in 
step SI 20, amount set point QG of gasoline injections 1 and hydrogen injection-quantity set point QH* are 
defined so that the rate of the hydrogen injection quantity to the amount of gasoline injections may 
become 30% by the heating- value ratio. 
[0035] 

In this example, the demand torque in an engine 10, and the amount of gasoline injections corresponding 
to this, the hydrogen injection quantity and an inhalation air content are beforehand memorized as a map 
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in ECU40. That is, the optimum value of fuel quantity (the amount of gasoline injections and hydrogen 
injection quantity from which a heating-value ratio serves as the above-mentioned value) required in 
order to change heat energy into mechanical work with an engine 10 and to acquire predetermined 
demand torque, and the inhalation air content at this time is beforehand memorized to demand torque. 
As described above, the optimum value of an inhalation air content is a value defined experimentally. At 
step 120, amount set point QG of gasoline injections', hydrogen injection-quantity set point QH', and 
inhalation air content set point P' are defined with reference to the above-mentioned map based on the 
demand torque computed at step SI 10. 
[0036] 

Next, hydrogen injection-quantity QH' set up at step SI 20 is compared with the predetermined reference 
value Q0 (cc/st) (step SI 30). It is a reference value Q0 here. It is the value which set up beforehand as a 
upper limit of the hydrogen injection quantity, and was made to memorize in ECU40. 
[0037] 

a step — S — 130 — setting — hydrogen — the injection quantity — the set point — QH -- ' -- a reference 
value - Q - zero - the following - it is - ** - judging - having had - the time --****-- hydrogen - 
the injection quantity - QH (cc/st) - a gasoline injection - an amount - QG -- and (cc/st) - inhalation - 
- an air content - P — each — a step — S - 120 — having set up — QH - ' — QG - ' — and - P - 1 — 
determining . Moreover, the opening (EGR opening) of EGR valve 38 is determined as zero, and the 
amount of EGR gas is determined as zero. And to the hydrogen injector 39, an injector 35, the throttle 
motor 37, and EGR valve 38, a driving signal is outputted so that the injection quantity and capacity 
may serve as the above-mentioned value (above, step SI 40). In addition, corresponding to the rotational 
speed in an engine 10, the throttle opening for considering as a predetermined inhalation air content is 
set up experimentally beforehand, and is memorized as a map in ECU40. Therefore, based on the 
inhalation air content P determined as the engine speed detected at step SI 00 at step SI 20, by referring 
to the above-mentioned map, throttle opening is determined and the throttle motor 37 is driven at step 
S140. 
[0038] 

In step SI 40, if a driving signal is outputted as mentioned above, it will shift to step SI 80 and torque 

will be detected. This processing not more than step SI 80 is explained later. 

[0039] 

It sets to step SI 30 and hydrogen injection-quantity set point Q' is the predetermined reference value Q0. 
If it is judged that it is large, it is the hydrogen injection quantity QH. The above-mentioned reference 
value Q0 It is determined. Moreover, the amount QG of gasoline injections It is decided that it will be a 
bigger value than amount set point QG of gasoline injections 1 set up at step S120 (QG =QG f +alpha). In 
order to acquire the demand torque which increased and computed alpha to amount set point QG of 
gasoline injections 1 which is a part at step SI 10 here, it is for amending the amount of gasoline 
injections. Namely, hydrogen injection quantity QH Q0 [ smaller than hydrogen injection-quantity set 
point QH 1 ] Reduction of the output energy by having stopped is increased for compensating by the 
increment in the amount of gasoline injections, and it is a part. Moreover, the inhalation air content P is 
determined as P' set up at step SI 20. Furthermore, the opening of EGR valve 38 is determined to B% 
which is the predetermined opening defined beforehand. And to the hydrogen injector 39, an injector 35, 
the throttle motor 37, and EGR valve 38, a driving signal is outputted so that the injection quantity and 
capacity may serve as the above-mentioned value (above, step SI 50). In addition, control of an 
inhalation air content is performed by determining throttle opening with reference to a predetermined 
map based on the inhalation air content P determined as the detected engine speed like step SI 40. 
[0040] 

In addition, although [ the above-mentioned explanation ] either step SI 40 or the step SI 50 is performed 
after step SI 20 and step SI 30, these processes are not necessarily performed separately in fact, 
respectively. It is the upper limit of the hydrogen injection quantity from the beginning as a map for 
defining the hydrogen injection quantity with an engine 10, based on demand torque so that these 
decision may be performed to coincidence Q0 The map pressed down and set up is prepared. That is, 
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when the rate of the hydrogen injection quantity to the amount of gasoline injections is made 30% by the 
heating-value ratio, hydrogen injection-quantity QH' is a reference value Q0. When exceeding, as 
hydrogen injection quantity, it is Q0. The map on which the amount which compensates the hydrogen 
injection quantity as an amount of gasoline injections, and becomes realizable [ demand torque ] is 
memorized, respectively is prepared. And it is the hydrogen injection quantity QH in this way. 
Reference value Q0 To the demand torque set up, it is the hydrogen injection quantity QH at that time 
also about the inhalation air content P. The amount QG of gasoline injections The amount to which it 
responded is memorized. Furthermore, the thing in case EGR opening is B % is memorized as a map for 
setting up throttle opening based on an engine speed, and it is the hydrogen injection quantity QH. 
Reference value Q0 When set up, throttle opening is set up with reference to this map. 
[0041] 

Next, a detecting signal is acquired from the NOx sensor 59 (step SI 60), and it compares with the 
amount of NOx in the detected exhaust gas, and the predetermined reference value C (ppm) (step SI 70). 
Here, the predetermined reference value C is a upper limit permissible as an amount of NOx in exhaust 
gas, and it sets up beforehand and memorizes to ECU40. 
[0042] 

In step SI 70, if the amount of NOx in exhaust gas is judged to be below the predetermined reference 
value C, it will shift to step SI 80 and torque will be detected. This processing not more than step SI 80 is 
explained later. 
[0043] 

In step SI 70, if the amount of NOx in exhaust gas is judged to be larger than the predetermined 
reference value C, it will determine anew as opening which added F % of augend to B % of opening 
which determined EGR opening at step SI 50 (step SI 80). Here, F % of augend is the value set up 
beforehand as the minimum augend of the EGR opening at the time of making the amount of EGR gas 
increase. Thus, if EGR opening is determined anew and EGR valve 38 is driven, it will return to step 
SI 60 after that, and processing not more than step SI 60 will be repeated. Thus, if the amount of EGR 
gas made to return to a combustion chamber is increased, the NOx concentration in exhaust gas will fall 
because combustion temperature falls. Therefore, the control which enlarges EGR opening by a unit of 
F% is repeated here until the amount of NOx in exhaust gas becomes below the above-mentioned 
reference value C. In addition, since an air-fuel ratio changes by making EGR opening increase in step 
SI 80, the configuration which amends an inhalation air content is also possible. Moreover, since the 
correspondence relation between an engine speed, an inhalation air content, and throttle opening also 
changes by making EGR opening increase, it is also possible to perform amendment to this. However, 
the very small value is set up, and since the F % of the above-mentioned augend has little effect to an 
inhalation air content, it supposes that amendment of an inhalation air content (throttle opening) is not 
performed in this example. 
[0044] 

After it is judged that the amount of NOx is below the reference value C after step S 140 or in step SI 70, 
the output torque in an engine 10 is detected and the magnitude of torque fluctuation is compared with a 
reference value D (Nm) (step S190). Torque fluctuation will become large if trouble is in the 
combustion condition in an engine 10. A reference value D is beforehand set up as a reference value for 
judging that the combustion condition in an engine 10 is advancing convenient, and is memorized to 
ECU40. 
[0045] 

Here, detection of the output torque in an engine 10 is explained. With the engine 10, torque is detected 
by measuring an engine rotational speed. Drawing 4 is used for below and the principle of torque 
detection is briefly explained to it. Drawing 4 is the explanatory view having shown signs that an engine 
rotational speed and an engine output torque changed in the so-called 4-cylinder engine equipped with 
four combustion chambers. An engine rotational speed is changed with whenever [ crank angle ] in fact, 
even when the engine is operated by the steady state. While that such fluctuation arises differs in a phase 
little by little in each combustion chamber, an inhalation-of-air line depends a compression stroke and an 
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expansion line on being carried out [ like an exhaust air line ]. Drawing 4 (A) shows signs that an engine 
speed is changed to whenever [ crank angle ]. Drawing 4 (B) shows signs that an output torque is 
changed to whenever [ crank angle ]. Moreover, four processes about a No. 1 gas column and the 
pressure of the combustion chamber about each gas column are shown in drawing 4 (C). In each gas 
column, it will be in the condition that only the beginning like an expansion line outputs energy, and 
others will be in the condition of consuming energy. Therefore, in connection with one of gas columns 
entering like an expansion line, the output torque of an engine 10 increases and an engine speed goes up 
by this. Therefore, an output torque is computable based on the rate of change of an engine speed. When 
a combustion reaction advances convenient, an engine speed and an output torque are settled into the 
predetermined range of fluctuation, and are changed. However, when fault arises in the combustion 
condition, an output torque comes to show the unusual fluctuation exceeding the above-mentioned 
predetermined range of fluctuation by not outputting desired energy in the gas column which 
abnormalities produced. When the difference in the engine speed measured by two corresponding to 
whenever [ predetermined crank angle ] is searched for in fact and this difference becomes beyond a 
predetermined value, it can be judged that the magnitude of torque fluctuation became beyond the 
predetermined reference value. In addition, the output torque of an engine 10 is good also as detecting 
based on an engine speed, and also detecting based on the detecting signal of the combustion pressure 
sensor 42, or preparing a torque sensor, and carrying out direct detection. 
[0046] 

In step SI 90, when the magnitude of torque fluctuation is judged to be below the reference value D, this 
routine is ended. Moreover, in step SI 90, when the magnitude of torque fluctuation is judged to exceed 
a reference value D, the value which added Augend G (cc/st) to the hydrogen injection quantity 
determined at the previous process is newly determined as hydrogen injection quantity (step S200). That 
is, when this step S200 is the process after it is decided in step SI 40 that it will be hydrogen injection- 
quantity QH =QH*, it is redecided anew that it will be hydrogen injection-quantity QH =QH'+G. 
Moreover, this step S200 sets to step SI 50, and is hydrogen injection-quantity QH =Q0. In being the 
process after determining, it redecides anew that it will be hydrogen injection-quantity QH =Q0+G. 
Here, Augend G is the value set up beforehand as the minimum augend at the time of making the 
hydrogen injection quantity increase. Since it is thought that un-arranging has arisen in the combustion 
condition as mentioned already, that torque fluctuation is large is aiming at the improvement of a 
combustion condition by increasing the quantity of the hydrogen injection quantity in this example. 
[0047] 

It sets to step S200 and is the hydrogen injection quantity QH. If it increases, next, it will return to step 
SI 60, and processing not more than step SI 60 will be performed. Although it is thought that fuel 
quantity is secured by making the hydrogen injection quantity increase, and a combustion condition 
improves, since a combustion chamber will be in a more rich condition, it has a possibility that the NOx 
concentration in exhaust gas may rise. Therefore, after making the hydrogen injection quantity increase 
in step S200, the amount of NOx in exhaust gas is detected, and it checks whether the amount of NOx in 
exhaust gas is tolerance. When the amount of NOx in exhaust gas exceeds a permissible dose, reduction 
of the amount of NOx in exhaust gas is aimed at by making the quantity of the amount of EGR gas made 
to return increase. Thus, when the fault of the magnitude of torque fluctuation improves by the 
increment in the hydrogen injection quantity and there is an increment in the amount of NOx by this, the 
amount of NOx is improved by the increment in the amount of EGR gas. This routine will be ended if 
the magnitude of torque fluctuation finally becomes below the reference value D in step SI 90. 
[0048] 

C. Effectiveness : 

According to the engine 10 of this example constituted as mentioned above, the improvement in 
effectiveness and the NOx reduction in exhaust gas are realizable, stopping the consumption of 
hydrogen. That is, since hydrogen is used as a fuel in addition to a gasoline, it can burn in the Lean 
condition and NOx in exhaust gas can be reduced. Moreover, as mentioned already, the energy loss and 
pumping loss by thermal emission can be suppressed, and an internal combustion engine's effectiveness 
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can be raised. When it is in a low loading condition (demand torque below a predetermined value) at this 
time, the amount of NOx in exhaust gas can be extremely lessened by using the amount of gasoline 
injections, and the hydrogen injection quantity by the predetermined quantitative ratio. Moreover, in a 
heavy load condition (demand torque exceeds a predetermined value), since the amount of supply of 
hydrogen is made into a predetermined upper limit, the consumption of hydrogen can be stopped. And 
the amount of NOx in exhaust gas can be lessened enough by performing EGR further. Therefore, 
stopping the consumption of hydrogen as a whole, even if it is the case where a load is changed sharply, 
it can maintain at a condition with enough few amounts of NOx in exhaust gas, and the condition that an 
internal combustion engine's effectiveness is high enough can be maintained. 
[0049] 

D. Modification : 

In addition, this invention can be carried out in various modes in the range which is not restricted to the 
above-mentioned example and does not deviate from that summary, for example, the following 
deformation is also possible for it. 
[0050] 

Dl. modification 1 : 

A different rate may be set up, although the rate of the hydrogen injection quantity to the amount of 
gasoline injections was made into the value which corresponds to 30% by the heating-value ratio in the 
above-mentioned example in order to make the amount of NOx in exhaust gas into zero almost 
certainly. For example, a lower value may be set up so that it may become the value which corresponds 
to 20% or 25% by the above-mentioned heating-value ratio. When actual especially a load (demand 
torque in an engine) is small, even if it makes the rate of the hydrogen injection quantity lower, it 
becomes possible to usually fully bring the amount of NOx in exhaust gas close to zero. 
[0051] 

D2. modification 2 : 

Although loaded condition is divided into two steps of a low loading condition and a heavy load 
condition in the above-mentioned example in case control which reduces the amount of NOx in exhaust 
gas is performed, it is good also as dividing loaded condition into much more phases. For example, you 
may control by dividing loaded condition into the three-stage of a low loading condition, inside loaded 
condition, and a heavy load condition. That is, the injection quantity is defined in a low loading 
condition, and reduction of the amount of NOx is aimed at at it so that an output of desired torque may 
be possible and the rate of the hydrogen injection quantity to the amount of gasoline injections may 
serve as a predetermined value (for example, 30%) like the low loading condition of an example. And at 
the time of inside loaded condition, the hydrogen injection quantity is held down to the 1st upper limit, 
the amount of gasoline injections is determined, and EGR is performed so that the amount of NOx may 
fully be reduced. In a heavy load condition, the hydrogen injection quantity is held down to the 2nd 
bigger upper limit than the 1st upper limit of the above, the amount of gasoline injections is determined, 
and EGR is performed so that the amount of NOx may fully be reduced. Two or more steps of upper 
limits of such a configuration, then the hydrogen injection quantity can be prepared, and the 
effectiveness of stopping the consumption of hydrogen can be further heightened by performing EGR 
efficiently. What is necessary is just to set up the upper limit of the hydrogen injection quantity in a 
heavy load condition convenient as an amount which can advance a combustion reaction at the time of 
the maximum load, even if it increases the amount of EGR gas until the amount of NOx fully decreases. 
Therefore, it becomes possible to reduce hydrogen consumption as a whole by using the 1st upper limit 
which is a value smaller than such a upper limit defined according to the maximum load at the time of 
inside loaded condition. 
[0052] 

D3. modification 3 : 

After making the hydrogen injection quantity increase at step S200, although [ an example ] the amount 
of NOx in exhaust gas is detected and EGR opening is adjusted if needed, the configuration which does 
not perform detection of the amount of NOx is also possible for after step S200. The amount of 
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hydrogen additions required in order that this may suppress torque fluctuation is usually based on things 
very only, so that it does not influence A/F (ratio of an air content and fuel quantity). Thus, the hydrogen 
augend G is set as the very small value which does not influence A/F, it is possible to improve a 
combustion condition and NOx augend in the exhaust gas at this time can be considered as the 
disregarded configuration. In this case, what is necessary is just to suppose that it returns to step SI 90 
and the magnitude of torque fluctuation is checked again after making the hydrogen injection quantity 
increase at step S200. 
[0053] 

D4. modification 4 : 

Although [ an example ] a three way component catalyst is arranged in an exhaust side, it is good also as 
replacing with a three way component catalyst and using an oxidation catalyst. Since it was necessary to 
cut down the amount of EGR gas in order to secure combustion to reduce NOx by EGR conventionally, 
it was difficult to reduce the amount of NOx even on sufficient level. Therefore, NOx was usually 
further reduced with the latter three way component catalyst. When securing combustion by 
hydrogenation based on this invention, it is possible to use the EGR gas of an amount enough so that 
reduction may become possible enough about NOx. Therefore, NOx can fully be reduced, without being 
based on a latter-part catalyst. In addition, although HC contains in exhaust gas also in this case, since 
what is necessary is just to use not a three way component catalyst but an oxidation catalyst, it is easily 
applicable to the internal combustion engine which performs lean combustion as mentioned above. 
[0054] 

D5. modification 5 : 

Various deformation is possible, although [ an example ] a gasoline is injected to a combustion chamber 
(direct injection) and hydrogen is injected in the inhalation-of-air path 32 (port injection). It is also 
possible to choose any of direct injection and port injection about each of the injection location of a 
gasoline and the injection location of hydrogen. 
[0055] 

Moreover, although the supply location of EGR gas was made into the upstream rather than the surge 
tank 31 and the mixed state of EGR gas and air is secured in the example, it is good also as supplying 
EGR gas from a different location. Supplying EGR gas from the downstream more, then the gas 
temperature introduced into a combustion chamber can be raised more, and improvement in fuel 
consumption can be aimed at. 
[0056] 

D6. modification 6 : 

In order to supply hydrogen to a combustion chamber, although [ an example ] it has a hydrogen tank 
50, it is good also as supplying the hydrogen which reformed and generated the gasoline to a 
combustion chamber. However, hydrogen concentration is about 21% and reformed gas usually contains 
CO and nitrogen further. If CO is used as a fuel of combustion, it will lead to decline in combustion 
efficiency. Moreover, it becomes the same as putting hydrogen and EGR into coincidence to supply the 
reformed gas containing nitrogen (inert gas) to a combustion chamber. Therefore, when a load is 
comparatively small, in order to more fully acquire the effectiveness of raising effectiveness by adding 
hydrogen, when using reformed gas, it is desirable to perform the process which removes CO or raises 
hydrogen purity, before supplying an internal combustion engine. 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the outline configuration of the engine 10 equipped with 

the control device which is one example of this invention. 

[Drawing 2] It is a flow chart showing an NOx reduction manipulation routine. 

[Drawing 3] It is drawing showing the result of having injected a gasoline and hydrogen by various 

quantitative ratios, and having investigated the amount of NOx in the exhaust gas at that time. 

[Drawing 4] In a 4-cylinder engine, it is the explanatory view having shown signs that an engine 

rotational speed and an engine output torque changed. 

[Description of Notations] 
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[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the outline configuration of the engine 10 equipped with 

the control device which is one example of this invention. 

[Drawing 2] It is a flow chart showing an NOx reduction manipulation routine. 

[Drawing 3] It is drawing showing the result of having injected a gasoline and hydrogen by various 

quantitative ratios, and having investigated the amount of NOx in the exhaust gas at that time. 

[Drawing 4] In a 4-cylinder engine, it is the explanatory view having shown signs that an engine 

rotational speed and an engine output torque changed. 
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[0 0 0 5] 

i&mm&: tints mm] 

[0 0 0 6] 

3&^&3fc£-£5SifcLoo, i#^4"^NO x Zfaffi-fZ k&te^ ^ff^itWil^tv^ 
fc^4ff-£- * l»Jhi" * * co$^#f * *t#|-r & £ * B W t -f * 0 
[0 0 0 7] 

Btri zm&tm. i'ykm irx* &&-r z> y^m^^U t , 

[0 0 0 8] 

£ o J: 9 i"*U4\ nffiW^rfit^&J'hZ k^ttZ f± N ^bfc^5&H-£fc*&»fc:fc|-i- 

m m i- & tz tb , fkmmm * n % o -c j# * o n o x * *• 3^ K-f&M-r **nr 

ftfbfcSWSBfrKlj&nx.'rS ib^7fc^^f^i£r^^-f Si k K4 *) , J; »J — > &tfc®tT^c3£ L 
[0 0 0 9] 
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[0 0 10] 

^cfii?^* jt*egrw^ mtfxm*m*> 

[0011] 
[0 0 12] 

««R3&*»fb-t- ^t^tfc, H^t'CicDi: 9 ^B^^cS * 3t#i" * i i: § * „ 
[0 0 13] 

o 

[0 0 14] 

i-t, ^KKj^^^-g-^TL^v^Tfc*^^ tti, Wx.»f7K3RflfeK**9 0 %J£1 
_L-C£> Z>7*m-?f* t -T £ c: i: § £ o 
[0 0 15] 

[0 0 16] 

■f c: tf*i«rti i: & S „ 
[0 0 17] 

[0 0 18] 

Cl S 0 P'AWOxi^j: >}^*<-r4fei6H»i. ^^^"Cctj^M^JS 

©J: d CiRAS5R;*«r BR^tt, #!);ti£\ i^ifONOxii*l g/kWhi^T 
i^^J;? KftOffli-*-* it^gi Lv* 0 
[0 0 19] 

[0 0 2 0] 
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a. mwv^&mm. : 

B . 313£Olfrf£ : 

C. S6* : 

D. m&w : 

[0 0 2 1 ] 

a. mm<^mm : 

■c*4o S^i^:^>y^ii, tlil*iT«^«$*s ^ticfit^ii 10 
f£tt <5> tL7^ V > ^:7*n ^1 It, -> y > v ? 1 1 <o_Lg|5 £ *ufc -> U 

[0022] 

2 m&mttfrbm&,#xi:&m-rz*itt><o%mft2 1 ^x^^^2 3 

*l^i-^^ri6<7)^ ^ 3 5^I§:tt^^-CV^ 0 ^ > V a. ^ ^ 3 5 ti\ iim*U^ «t 20 

5 7 $ tL-ris i), ifv y >/58 -em?£<vj±jj Ktus. z ntzmm-i>m%§-2 

n.TV^ 0 -Y>i^^*3 5^fel«ttStLfc*(m»i«S«I^F*3-T?3K»U ^#2 2£^L 
[0 0 2 3] 

— * — >u K3 0 *t- s J*r Z/? 31t ®£Wi8fr3 2 t ^LT^T^ U 3 

4 ^^^$ttTv^ 0 ^(ixj^ y — 3 4 tMM-t&m^^ Jlt? y -^»cag*t *btt 

, PS.A^^»^^£Bi-^7ti60^T^n^-^ 3 3 75 ? ^tt^tL-CV^ 0 £ fc, ?R.£u§E& 3 
2 icjsv^-C, i77n^-^ 3 3 S>*>^ 3 1 t<7>mizi±, ti&'MMfr *Lfz 

?rtAn/:i6<?)E G R^;v-7*3 8 ^ISltt ^> tLXV^ 0 EGRtl^ fEi£ L «fc ^ 

§tL* E G R^JM^lcov^ra^^U < KWt4o £ <b ©l£tdi£&3 2 Ki5V»T. E 

* 3 9 ffithtiT\^2> 0 7km^ 9 3 9 tit, 7k3fc«Egfr 5 4 ^Lt, 7jt??l£ 

fxi^i-^TK^^ >^ 5 0 tglLtv^ 0 7jc^»tL£&5 4 tcti7jc**°>^5 2j6«8!fc»t?>iT-* 
7jc^^>^ 5 0 ^7jc^-^i^5 4 tO^M§BtrtiJBE7J^>-9-^lS:tt^tLTi3»9, 7jc 

^^°>"7°5 2 iz.x^xmfcs.icimsztLtzTkm-t)*. frm-4>zs ? 3 9^*&§^* 0 40 

tJc*-Y >-^^^^ 3 9ti, amftlttiwJ: »>HIHIg»$tLT7K*4ri!lllti-**«#T**o 
tKH r/yx^3 9*^ Pft#t $ tttzTkm it , 3 2 L Till 

[0 0 2 4] 

-9-- v?* > ^ 3 1 WTittffllODKA-e — K3 OftKtiu 

^t"^ 7t*i><7)^ n -7 h)W*)V?3 6 ^ s IS:^^>tL-Cv^ 0 i^ny h^;^3 6 11, ^ 
uy Y)\/^-?3 7 iz£^-cfflmmW)-£ti, x.>i?>l 0 i'iS^^XpJfM^RX^^M^n 

[0 0 2 5] 

t^*-;i/Kl6li, N O x -b >t 5 9*«x.S i: > a*- ^ 5 4 C^I 50 
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^rtkJ&2ti&m.mM1t<®l (NOx) 3ft*** NOx-b>t5 9li, i^^ONOx 

xtf-mitptm (co) s-m-ffc-r&t*^ ±mNOx*&7t-t2>=7zmm*mz.x^2> 

o 

[ 0 0 2 6] 

^HJnx.T. M^^^«b^tB$n^.^^<7)— |f|5^^ (EGR) $ii-£ilS£#c^£. ii 
iR"5Ttgt ^oO^o ffijf*<D— g&fi. _hlBE G R»fES&4 4 ^LT, gfc&L^E G 
^73 8^^.0J5.^:ilji&3 2F t 3K-gy&£*L. KA^d-g-^^o iOEGRA;l/7*3 8 
(DrnftUmZftte^ - £T\ ^M^^iE^-^^^* (EGR^f) ^P^LTv^ 

o 

[0 0 2 7] 

^•>t7M 7 ^Eflg-r & t „ ? <y > ? mm <DM # \z x o x mmMM&&mm&mW} \zm. 
mztix^ \£*h>i 2^v-v >m*±.-rizmW)-rz>o ttz, y > 1 2^_LTS&-r 

o^o^t^^t^ ®^2 2frhmmm.mzm>x-$-2> 0 ^xm.^^2 2*mtx 
-r^ \£*h>i 2 i<z£^xmmztL?zM&M.*m5£&)izm-)m\^x. e^hvn 

03££m&^m-r£7ti6CD^ 9 >^^^-tr>-9-4 1 ffWUfhixX^** 
[0 0 2 8] 

m«j^j-3--^ > mr, ecu) a o (i. ^^pftit^^. ^^cb#^u^j. &&w±e 

GRM^I^fco. J^>-^> l 0 co^^cDm^^Un-tho :OECU4 0li, "^^LH^ 30 
« UJ*T\ CPU) > ROM. RAM. Xttijjm5&& iz £ o TfflSKgMSS ttx 

[0 0 2 9] 

ECU4 0 iz£2,z\7 LfcM^ti. a^^co^fp L/c T ^ ^>->'>-<D[l]^il 
DJlA^»^t^#ail^ft^E CU 4 0 7)^tt5L, ROMtct#^^n.-rv^^-a 
•7°n 7*7A t'^o T\ J* n y b ;V^E— ^ 3 7 . M7°7 ^'2 3, -f>yx^^3 5, tJc^ 
? 3 9 & ifSrfgffij-rS CI t tCcfc o-C=fT^tt-5.o T -fe ;HH3J^f±. T^-t;^^^ 

L^:^7>^yt7M 7 tzmf t>titz ? ^ > ^nm^^^T 4 1 <D^mm-^\z^^xm- 

&ZiXZ> 0 g&A^»{±. nj^ilj§&3 2 Kl^Tt^TVO^-^ 3 3<^ffi<f-^&;: 40 

[0 0 3 0] 

tizx*)^ mmw.fttzj&m2ti&m^^cQ^^tmm-t<D}t^.- (mmm zmw^mizu 
-^fc&cDmmx&zx, ^fe. *n-fowxi$^ m^mMt<D%m> \^x\±^ j>i?^??3 

5frhmMZtL2>JfV } ) 7X^^>^^^^3 9 5ft^Ptl^$tL^,7jC*»^IJ^ 

[0 0 3 1 ] 

^ABfWJfPfi. tf^. h > 1 2 <D±mz^t>*txm$J%: * J 5 > ^T? A4E ^ 7^ ^"T a6 O 

*u^t^^, 0 e g Rtutpfi. mm^.frhmmzfr2>ffiifxcDd ^^m^m^mMrnKwrn, so 
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[0 0 3 2] 

B. ilf^IfrfE : 

ni2ii. ^i&^i^^^s^ 1 o<7)m.m^\>-, ecu4 o i~&^xmjE.<7)mffl-?m } oi£L 

Utr^tL^NO xM^i;v-f >^^f7n- h-e£>& 0 >75 ? SlfT$ 

ECU40I1, -x>->*> 1 0OlnIt£MSi3j:y f T^-b;Hg J K^lX#i-^> ( 

^r^SlOO) o ^>y>l 0<7)[HfiISi3J:y ? 7^-fe««#t-&t, ECU 

4 0it -r*uz^c?^T^>-^> i o ^^tt-sw* zn&LT (^f^ysi 10 

) % #VU>i»#t*, TfcSSPftJW-*. KAS$tl«r, ^tL-PtLQ G ' (cc/s t ) , 
Qh ' (c c/s t ) % P* KiSSe"*-* (^r- 7/S120) , 10 
[0 0 3 3 J 

t (om.it * n ft b*ttz&$k& iz&^-c* tt^ttm. a^^c* * mt £ »^^no 

x jfcft*** M£ < ft o 7^ £ "T ft :b ®. A2£$v:i: (z^ifc) tf**J8 k £ o rt: fc § 
'fit*. •E-^#i:fe(t^S^4 I N0xifcLTv^ o *:<ntz*b, m 3 Lrt:#«!l5g*t 

-e^tm ft < *H£»Sj&*aMT prtg ft * o z\<Dk£^ ft < «aftsi&*«jifT"t- * tSB-e* 
*uf % a W^2c*«ri*3&n l^fi^^Tt s i fc t i o Tg^^ 20 

NO xf^i 0<£«T»n§iift.6o L^Lftri*^. * jSIHI K L T L * d fc^ ffcAft f 

3t^t-£$£B^Oi&A^^»<7):KA'ltl£ LTttiii t^^r#^> 0 
[0 0 3 4] 

. ^ifeM-et±, ary »; >nWt*t'^fi-^>7fc*Rtlt»o#j^^»ji-e3 0 % £ ft£ j: d 

' fc«rJgie>TV»* 0 30 
[0 0 3 5] 

^^SfeMTrti. ECU4 Ot:*^T, > 1 0 ^istt*^* h /i^ t „ ^ tUz^JS-f 

**ry >; yi**t*\ 7K*RftIt*i5J:^A^^;»7i^ ^&i>^y yt L-cfen$^Tv^ 0 
-Tft£>*>. O-e^^^^^^^WfifJtt^t'^JfeL-CFf^^^^h^^ &&2>fz 

A^afi^ftiS-ftfi. ^ifeWt-3fe*i>/i'ltt?**o 7^1 2 0Trld\ ^t"^37°S 1 1 0 

. 7K^(*it»IS^<fiQ H ' is ic/^A^^ilS^-fitP' *^i6^.o 

[0 0 3 6] 40 

^T7 7'S 1 2 0-e^L7t*f «#tQ H ' £:> Er5e<Z>2£iJMiSQ o (c c/ 
s t ) b*jtm-f2> Ut77Sl3 0) o Cii-r^mfSQo fcl±s 7tc^RtIt»0_h 
PMi: LTf*IS:^LTECU4 0 f*IK fg'H -fit "C^o 

[0 0 3 7] 

J*T" y 1 3 0 K*5V»T. 7K*i«*«:l8:jettQH ' WiQ o IZkT-C&ZtmiBr 
Ztitit Zizlt^ 2fc3fcPft|-ffiQ„ (c c/s t ) . jyyj^PMrtQa (cc/s 
t ) is «fc yiA^^I P (D^tL^ffL £ , ^fvysi 2 0T'itL/:Q H ' . Q G 
' fcitfP* I'^-T^o t/c, EGRA;vr3 (EGRHS) ^-t'u, -f^*? 

*>EGR^t*-b*n ^^^-r^, 0 Lt, tR^-T V-^ji^ ^39.^ ^^35. 

EGR^/3 8C^LT, Ptit«^^ft^JtfS<7^g fc ft -2, J; 50 
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? l~MWl'SSsr* ttitJ-f & (J^_h> 7fV/S140) „ J.>^> 1 0 KjStf* 0|e 

ECU4 0rtKV77'tUE1l$fLT^. 7/Sl4 0ti±, * 

f y/S 1 0 0 ^aJLfc^^-^VlsI^^^i:. ^fyys 1 2 OT»^L/:KA^i 
PitS^T, ±!S-7 y ^*#Mt a i t i o n y h llsmmZ&tfcU 7n 7 } 
;v^e- ^37 ?rIEI&LTv^ 0 
[0 0 3 8] 

^SHO Kcfcv^-C. _bffi<73 «fc -9 tClEid-g-^-^ai^-rs b, XT? /SI 8 0 
[0 0 3 9] 

ItiQc t±. J^t- y /S 1 2 0 tilztfv U >Rftlt*iS^'fitQ g * «£ 0 

SMfifcftJfeStL* (Q G =Qg ' +«) o #VV >Pft*fr*gfcj£teQ G • K 

Mt^iiL5-T^^ ff ii, ^f7ysi i o-e#aiL7t^^ h;i^^*#^^i6^. jtrw 

»0±i*pir X o-Cfctd tzttxDiti L^T^)>5>o «A^$t*P»±. ^t7/S 1 2 Of 

KSeLfcP* Kftj£$*t.& 0 £<blc x E GRa*;1//3 8<0|H9^{±. ^i6^*7tp^<7)|fljg 
-C**B%»w*jg$iri 0 f *3R>f >yx^ ^ 39, >vx^ ^ 35, h 

; v^e- ^37. EG R^>73 8 l:^Lt, *j^_blES>4fifc <fc ^ 

^s-^-Srtfi^J-r^ (JUUi. Xf7^S 1 5 0) o ®A£g$t*<*>«HiP*± N 7 7"S 1 

4 0t|WJ^tc s teWLfc^>S>>imraMfcft^LfcKA^fcttP£K3£cfv»-T\ pTrSeO 

[0 0 4 0] 

^i3s _hfSO|^^-et±. ^fy'/S 1 2 Oii^fy/S 1 3 ocof&tc Xt^^S 1 
4 0 y 7S 1 5 0 <D7 %<D\,>-?rLfr*<tt =S:d iti: Ltv^^ ^IKfi, £*l£> 

ff^^btL^> J: n I*, h;v^ ^*-^v»-C7K3di!ftl**Sr3£ie>*3tie>0-^y ~fb Lt, tK* 

v v >muMizn-r^m^MM<^>m^-^mmit-c 30% ^jcssrsi^mq „ • 

^mUSQo ^^iTLS ?ifpKli, Tfc^WSt LTliQ 0 #n # V U > BRIt » t 

v Rtftft Q g kjs d /ci^ieim $ tt-x: £ 0 $ t, EHEaS* k*-^v* -c 

ay h;v^aPSr^^^-*fca60-vy zfb Lt, E G Rg§S^ s B %<D b ^<Di><D SffEtt L T 
[0 0 4 1 ] 

>*rj-. NOx*/t5 9^c>t^aj«-^4r^#L-C (.XTvzTS 16 0). ftlilLfcff^ 
t©NOxit, J^O^iJUitC (ppm ) bttm-t%> ^ y "7° S 1 7 0 ) . 0 ^«Ttr 

XECU4 O^EtUfc^O-C**. 
[0 0 4 2] 

^T7/S 1 7 OKis^T, i^tONO xSj^^oa&iSi'litCJWT-C** bmW^ft 
[0 0 4 3] 
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v fS 1 7 0 tc£^T. ffi1f^<DTXO xMi>*ffifc<7)&mmc J: <9 & £4qJB=/f£ 
fiZ>t^ EGR|^Jg£, ^fvT'Sl 5 0 "Okfe LtzMBtB % KmtiUMF % *mz.tzm& 
t Lt, &*bX$kfc1rZ> yysi 8 0) « u^t, i|llDfF%l±, EGR^i?' 

iiiQ^^OE GRmm<DM'J?i%l]U&t It, ^^IS^L/cfiS-e^^o -<£>«t9KEG 
RiS^^t^LTEGRA;^3 8 ZmW)-tZ£, *<D&Xt yy'S 1 6 OClo 

t> 7^s 1 6 oj^T^^ts^^^iii-o -<^> i ? tzm-mm^n$iiz-&2>E gr*^ 

^?S^^g:T-r^- t-C^^^<JDNO xmiglti&T-t&o t<Dtz*b^ 
#< Lt</> < $!tf£p £i££r> ^g-To ^-r y 7"S 1 8 0 izte^XE G R H0jK£±i;!JD£^£ 

o 

[0 0 4 4] 

^fy^S 1 4 0©t, £*rf±. J^ry^S 1 7 0 tfev^TNO xi^jjif CJilTT** 

(Nm) kittSffZ (^r^ys 1 9 0) 0 OKiJtt-SH 
tt.Wz3zm&$>&£* yfr?^W)ltt£ <&& 0 &m^Dl±^ ^>*J> l o K&itZMffi. 20 
4*3K**3tW* < Mff Ln^ tJpJWfi-*/s*^36iiHitt LT^a6iS:^ IT, ECU40I: 

[0 0 4 5] 

X. te*B*^uro4*KL&tf*S>. ^vfrf*. ffiRSfrS, J»3Rfr«, W&tft mtm 19 jg L 30 
fr^fe^Tv^^ ttct^o m4 (A) t±. ^ ^> ^n^zn^X^-^-Jzym^^^Li)^ 
l)t^^^/TLTv^ 0 Bi 4 (B) Ji % 9 ? > * ftmztt Y ? iMSSh-t 

?^7FLTi/^ 0 £ IH4 (C) tc{± N l f^ti;o^t©4 o<75Xflt. #^M&'^> 

W'!Mt^zX2>v>\ i zW^xx-> y> l 0 coffin h;v^ fi±f^:L, ;^i:ioTi>y >i 

m^-iza^ m-m^^crz^nxmm^^^^^^tayj^ti^^^ tiz x «k tti^h^ti 40 

ZtiZ Jr. o t\ h;v^ gESfco*: § $ ri s B»T j£0*HHIUSLt K & o t ¥!l Wf £ £ t &X § -5, 
[0 0 4 6 ] 
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cc/s t ) fcinx.fc'lit*. y^m^MMt Lxmtz^^-t^ (^f v/S 2 0 0) o 
-tttt>*», Z.<r>7sT-s -fS 2 0 Off, XT y ZfS 1 4 0 Ki3V>T7fc5£Pt£f-fi:Q H =Qh 

Lie "To yyS 2 0 0*\ ^-r 1 5 0 H43</^T7K^PRItfiQ H = 

Qo t*jeL^OXSTab-6*&^Jw*± N 5fc*r % 7fc3Ri*lt*QH =Qo +Gt& 

itcx^z t^jtbtiztztb^ *mt&m-ci±, ttwtM*Pta-r&zkiz£^x. mm 

[0 0 4 7] 

2 0 0 t'i5V^T7K*i!ftlts:Q M frJUin-ra fc % tof7 ysi60 KMo 

*2>tz*b^ gf^ + WNO xjtJS* s Jt#U-C Li -9 i5-€-*i.***4o ^<Dtzib, Xy-v7S 
2 0 0 ^*5V^X7K^WS^ifiO$-fr7tmfi. p^+^NOxf^ffiLT, SMT** 

^lE^-ii-^EGR^r^i^llft^-ar^Clt-C. SMT;*«t»*>N O x*Ofl£M&IH 

NOxt<7)titlD^^fc§l:(±, EGR^fOHiJO^ioTNO xt^^iti. 

[0 0 4 8] 

c. 8b* : 

>lcJpx.T7tc^^fflv^7^a6. i "J V ->^i^fl*tT^^ - ktfx*>^ ffljfxrpco 

NO x Srlg^-r^cn *7t. BEiKLfeJ: -9 Hfe&fctBK «t * -^^t^*!^*' 

*£fctcfc»K If^^NO x*«a6-C^& < £ £ 0 M#4Wffi 

(15*h/i'^* t 9f3efl[*jax.*) ofcgfc:^ *^#^ft£^^?>JtPM t i"* 

abott, ^f£<h LT*t<7)fif t^fpioo, i#7^<ONO xtm04v>ti 
[0 0 4 9] 

d. : 

o 

[0 0 5 0] 

d i . m&n i : 

Tk&v^ M£|f N _bsB^»J:t-e2 0%£>£^f±2 5 % ^liM-T^lil i: & & £ ? ^> J: ^ 
TK^TOi^fJ-^^ J: *MS:< LT&, dl#(i^^fx4>coN O x*£3fr£-mf n 

[0 0 5 1 ] 

D2. %zfim2 : 
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jsi t ftnm&n t<D2 mm K^f-c^ & ** N * s k# < izmt zztt 

com. (Mxtf3 0%) i:^^J:M:^ ^USSr^T. NO x M<Di&r$.% M & 0 fU> 
. ±fBHl^±P^i«t *) i>jz£%:m2<D±.mmzmz--ClfVV :xiJMt*«:8tf£U NOx 

[0 0 5 2] 

D3. m&mz : 

EfcLT. Ct E G R lg ^PBt S i 1 1 L ^r7'/S 2 0 0©t^ N 20 

O xM<7}&imitfr%t>%:^mJ&i>~*In&T-$>2> 0 z\fLii, h J\s?mWj*$P*-2> Jz#>l,z>&W% 

v^fc^i*. A/Ft-f^#b^v^*i)-c/h$^^it^^iiin*G^lS:^L 

^f7ysi9o dot v )v?mwj<D-}z% z&wzjmm-t-zz. t t-rtmx^ 

[0 0 5 3] 

D4. ^MMA : 

ffl^iitiUU^ot^ EGRtiotNOx^fiSt^f^:^ «^ 30 
1"^/cJ6iCEGR * =£r S x. ^ i&S*** ?t £> . NOx*£ & U ^ ;L- iz t. "C&UH-t 

[0 0 5 4] 

d 5 . v&m 5 : 

[0 0 5 5] 

g r if * t t (DM&vtm ltv^^ * ^egr # * ;s> £ 

^tLT^^v^ i iJTMJ^^EGR^^^^-r^Cl t fci-jxldT, «S«S^»ci||tA$*L 
[0 0 5 6] 

D6. wa&ms : 

mmmxit, mm^zykm^m^-t^fz^^m^ 5 0 zmpt&zt t l/z^\ 50 
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if^\t, M-n, 7k.mWt8tH s 2 l%fl^-e^>«9, CO^tf^^ <bi:^T*v^ 0 BM<v-m 

* =sr^^m izmzg-rz z t t e g r t * mmz xtiz ^ t tm^t^k^o 

[|U2] NO xi»I*-f>^t7n-ft- h-C&^o 
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